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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2014-232836 filed on Nov. 17, 2014, the contents
of which are hereby incorporated by reference into the
present application.

TECHNICAL FIELD

The present application relates to a semiconductor device.

DESCRIPTION OF RELATED ART

Japanese Patent Application Publication No. 2013-
150000 discloses a semiconductor device fabricated in a
semiconductor substrate. The semiconductor device is a
vertical IGBT. The semiconductor device includes: a p-type
body region disposed at one portion of the semiconductor
substrate in a cross sectional view of the semiconductor
substrate; an n-type drift region disposed below the body
region in the cross sectional view; and n-type emitter regions
separated from the drift region by the body region and
exposed on an upper surface of the semiconductor substrate.
The semiconductor device further includes: a trench extend-
ing from the upper surface of the semiconductor substrate,
piercing the body region and reaching the drift region in the
cross sectional view; a gate insulation film disposed on an
inner surface of the trench; and a gate electrode disposed in
the trench.

FIG. 1 of Japanese Patent Application Publication No.
2013-150000 shows an embodiment in which, in a plan view
of the semiconductor substrate, trenches extending in a
longitudinal direction and trenches extending in a transverse
direction are used in combination. A trench shape used in the
above embodiment causes a rise in hole density inside a bent
part at which a trench extending in the longitudinal direction
and a trench extending in the transverse direction cross each
other, thus resulting in a reduced on-resistance of the IGBT.

The IGBT of Japanese Patent Application Publication No.
2013-150000 mainly aims to reduce the on-resistance and,
as such, fails to take sufficient measures against a phenom-
enon in which an excessive number of electrons flows from
the emitter regions into the drift region and the semicon-
ductor device breaks down. The present disclosure provides
a technology for improving a breakdown resistance of a
semiconductor device by suppressing the number of elec-
trons flowing in from emitter regions.

If aregion in which the emitter regions are disposed in the
plan view of the semiconductor substrate is small, the
number of electrons flowing from the emitter regions can be
suppressed. FIG. 12 of Japanese Patent Application Publi-
cation No. 2013-150000 shows an embodiment in which, in
case of denoting for example each of regions between two
adjacent trenches extending in the longitudinal direction as
a first inter-trench region, a second inter-trench region, and
a third inter-trench region, in sequence from the left, a
plurality of inter-trench regions arranged along the trans-
verse direction is alternately used as cell regions. That is, in
the embodiment thus disclosed, cell structures are disposed
in the first inter-trench region and the third inter-trench
region, and no cell structures are disposed in the second
inter-trench region and a fourth inter-trench region. This
reduces the region in which the emitter regions are disposed
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in the plan view of the semiconductor substrate, thus making
it possible to suppress the number of electrons flowing from
the emitter regions.

However, depending on the position where the narrowly-
confined emitter regions are disposed, electrons can unde-
sirably concentrate on a local region, thus causing a reduc-
tion in the breakdown resistance of the semiconductor
device.

BRIEF SUMMARY

The present disclosure provides a technology for improv-
ing the breakdown resistance of a semiconductor device not
only by suppressing the total number of electrons flowing
from emitter regions but also by preventing electrons from
concentrating on a local region.

One aspect of the present disclosure provides a semicon-
ductor device. The semiconductor device has a semiconduc-
tor substrate in which a semiconductor element is disposed.
The semiconductor device includes a p-type body region
disposed at one portion of the semiconductor substrate in a
cross sectional view of the semiconductor substrate; an
n-type drift region disposed below the p-type body region in
the cross sectional view; and a plurality of n-type emitter
regions separated from the n-type drift region by the p-type
body region and exposed on an upper surface of the semi-
conductor substrate. The semiconductor device includes a
trench extending from the upper surface of the semiconduc-
tor substrate, piercing the p-type body region and reaching
the n-type drift region in the cross sectional view, wherein
the trench includes, in a plan view of the semiconductor
substrate, a plurality of first trenches extending in a first
direction and arranged at intervals in a second direction
intersecting the first direction, and a plurality of second
trenches extending in the second direction and arranged at
intervals in the first direction. The semiconductor device
includes a gate insulation film disposed on an inner surface
of the trench; and a gate electrode disposed in the trench.
The semiconductor device includes a plurality of inter-
trench regions, each of the plurality of inter-trench regions
being a region between two first adjacent trenches; and a
plurality of cell regions, each of the plurality of cell regions
being a region defined by two adjacent first trenches and two
adjacent second trenches. The plurality of inter-trench
regions includes a first inter-trench region; a second inter-
trench region separated from the first inter-trench region by
at least one of the inter-trench regions being interposed in
between in the second direction; and a middle inter-trench
region interposed in between the first inter-trench region and
the second inter-trench region. The emitter regions are
disposed in at least one cell region in the first inter-trench
region, are not disposed in the middle inter-trench region,
and are disposed in at least one cell region in the second
inter-trench region. Each of the emitter regions is disposed
at a position that is not in contact with the first trenches but
is in contact with the two second trenches defining the
corresponding cell region.

Such a configuration makes it possible to reduce the
number of n-type emitter regions in the second direction in
which the inter-trench regions align. That is, when the
emitter regions are disposed in all of the plurality of inter-
trench regions, the number of emitter regions is large. On the
other hand, in the configuration described above, the emitter
regions are not disposed in the middle inter-trench region
interposed between the first inter-trench region and the
second inter-trench region. This makes it possible to reduce
the number of emitter regions. This reduces the number of
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emitter regions in the semiconductor substrate, thus making
it possible to suppress the number of electrons flowing from
the emitter regions into the drift region. Further, in the
configuration described above, the emitter regions are dis-
posed in such a manner as not to be in contact with the first
trenches. This makes it possible to further suppress the
number of electrons flowing from the emitter regions into
the drift region as compared with a case where the emitter
regions are in contact with both the first trenches and the
second trenches. Further, in the configuration described
above, each of the cell regions includes the emitter regions
that are in contact with the two second trenches. This allows
the emitter regions to be disposed in a balanced manner. This
allows electrons to flow from the emitter regions into the
semiconductor substrate in a balanced manner in the corre-
sponding cell region. As a result, this evens out the number
of electrons flowing in, thus making it possible to suppress
concentration of currents. By thus being able to suppress the
number of electrons flowing into the drift region and to
suppress the concentration of currents, the breakdown resis-
tance of the semiconductor device can be increased.

Further, in the configuration described above, the emitter
regions are in contact with the second trenches. This makes
it possible to reduce the on-resistance of the semiconductor
device by a hole accumulation effect. That is, in the con-
figuration described above, the emitter regions are not
disposed in the middle inter-trench region interposed
between the first inter-trench region and the second inter-
trench region. For this reason, if the emitter regions in the
first inter-trench region and the second inter-trench region
are in contact with the first trenches, holes present in a
portion of the drift region located in the middle inter-trench
region flow away from the first trenches. This results in a
reduction of the hole accumulation effect in the middle
inter-trench region. On the other hand, in the configuration
described above, the emitter regions in the first inter-trench
region and the second inter-trench region are in contact with
the second trenches but are not in contact with the first
trenches. This prevents the holes in the middle inter-trench
region from flowing away from the first trenches, thus
making it possible to bring about a high hole accumulation
effect.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a semiconductor device.

FIG. 2 is an enlarged view of a main part II of FIG. 1.

FIG. 3 is an enlarged view of a main part III of FIG. 1.

FIG. 4 is a plan view of the semiconductor device.

FIG. 5 is an enlarged view of a main part V of FIG. 4.

FIG. 6 is a plan view of a semiconductor device according
to a second embodiment.

FIG. 7 is a plan view of a semiconductor device according
to a third embodiment.

FIG. 8 is a plan view of a semiconductor device according
to a fourth embodiment.

FIG. 9 is a plan view of a semiconductor device according
to a fifth embodiment.

DETAILED DESCRIPTION

(First Embodiment)

An embodiment will be described below with reference to
the accompanying drawings. As shown in FIGS. 1 to 3, a
semiconductor device 1 according to a first embodiment
includes a semiconductor substrate 2, a front surface elec-
trode 6, and a back surface electrode 7 (Note that, for the
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4

sake of viewability of the drawing, FIG. 1 omits to show the
front surface electrode 6 and the back surface electrode 7.).

The semiconductor substrate 2 is made of silicon carbide
(SiC). In another embodiment, the semiconductor substrate
2 may be made of silicon (Si), gallium nitride (GaN), or the
like. A semiconductor element is disposed in the semicon-
ductor substrate 2. The present embodiment takes an IGBT
(insulated gate bipolar transistor) as an example of the
semiconductor element.

The front surface electrode 6 and the back surface elec-
trode 7 are made of a conductive metal such as aluminum
(Al), copper (Cu), or the like. The front surface electrode 6
is disposed on a front surface of the semiconductor substrate
2. The back surface electrode 7 is disposed on a back surface
of the semiconductor substrate 2. The front surface electrode
6 and the back surface electrode 7 are each connected to a
power supply (not illustrated).

A trench (a plurality of first trenches 10 and a plurality of
second trenches 20) is disposed in the semiconductor sub-
strate 2. Further, in the semiconductor substrate 2, emitter
regions 61, body regions 62 (body contact regions 121, low
density body regions 122), a drift region 63, and a collector
region 64 are disposed in this order from an upper surface
side.

The trench includes the plurality of first trenches 10 and
the plurality of second trenches 20. The trench (the plurality
of first trenches 10 and the plurality of second trenches 20)
extends in a depth direction from an upper surface of the
semiconductor substrate 2 through the body regions 62 to a
position to reach the drift region 63 in a cross sectional view
of the semiconductor substrate 2.

A first gate insulation film 11 is disposed on an inner
surface of each of the first trenches 10. A usable example of
the first gate insulation filmd 11 may be a silicon dioxide
film (Si0,). A first gate electrode 12 is disposed inside each
of the first trenches 10. The first gate electrodes 12 fill the
first trenches 10 on an inner side of the first gate insulation
films 11. The first gate electrodes 12 are made, for example,
of aluminum or polysilicon. An interlayer insulation film 8
is disposed above the first gate electrodes 12. The interlayer
insulation film 8 insulates the front surface electrode 6 and
the first gate electrodes 12 from each other.

A second gate insulation film 21 is disposed on an inner
surface of each of the second trenches 20. A usable example
of the second gate insulation films 21 may be a silicon
dioxide film (SiO,). The second gate insulation films 21 are
joined to the first gate insulating films 11. A second gate
electrode 22 is disposed inside each of the second trenches
20. The second gate electrodes 22 fill of the second trenches
20 on an inner side than the second gate insulating films 21.
The second gate electrodes 22 are made, for example, of
aluminum or polysilicon. The interlayer insulation film 8 is
disposed above the second gate electrodes 22. The interlayer
insulation film 8 insulates the front surface electrode 6 and
the second gate electrodes 22 from each other.

The first gate electrodes 12 and the second gate electrodes
22 are joined to each other and function as a single gate
electrode. The first gate electrodes 12 and the second gate
electrodes 22 are insulated from the semiconductor substrate
2 by the first gate insulation films 11 and the second gate
insulation films 21, respectively. The first gate electrodes 12
and the second gate electrodes 22 are connected to a gate
potential control circuit (not illustrated).

The emitter regions 61 are n-type regions. The emitter
regions 61 are high in n-type impurity density. The emitter
regions 61 are disposed in a form of islands in ranges
exposed on the upper surface of the semiconductor substrate
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2. The emitter regions 61 are separated from the drift region
63 by the body regions 62. The emitter regions 61 are in
contact with the second gate insulation films 21. The emitter
regions 61 are in contact with the front surface electrode 6.
The emitter regions 61 are in ohmic contact with the front
surface electrode 6 and have electrical continuity with the
front surface electrode 6.

The body regions 62 are p-type regions. Each of the body
regions 62 is disposed around the corresponding emitter
regions 61. The body region 62 is disposed on lateral sides
of' and below the emitter regions 61. Further, in inter-trench
regions 30 in which the emitter regions 61 are not disposed,
the body regions 62 are disposed in a whole range exposed
on the upper surface of the semiconductor substrate 2. Each
of the body regions 62 includes the body contact region 121
and the low density body region 122.

The body contact region 121 is high in p-type impurity
density. The body contact region 121 is disposed in a range
exposed on the upper surface of the semiconductor substrate
2. The body contact region 121 is in contact with the front
surface electrode 6. The body contact region 121 is in ohmic
contact with the front surface electrode 6 and has electrical
continuity with the front surface electrode 6.

A p-type impurity density of the low density body region
122 is lower than that of the body contact region 121. The
low density body region 122 is disposed below the emitter
regions 61 and the body contact region 121. The low density
body region 122 is in contact with the first gate insulation
films 11 and the second gate insulation films 21.

The drift region 63 is an n-type region. The drift region 63
is low in n-type impurity density. The drift region 63 is
disposed below the body region 62. The drift region 63 is in
contact with the first gate insulation films 11 and the second
gate insulation films 21.

The collector region 64 is a p-type region. The collector
region 64 is high in impurity density. The collector region 64
is disposed below the drift region 63. The collector region 64
is disposed in a range exposed on a lower surface of the
semiconductor substrate 2. The collector region 64 is in
contact with the back surface electrode 7. The collector
region 64 is in ohmic contact with the back surface electrode
7 and has electrical continuity with the back surface elec-
trode 7.

As shown in FIG. 4, in the plan view of the semiconductor
substrate 2, the first trenches 10 extend linearly along an x
direction (which is an example of the first direction). The
plurality of first trenches 10 are arranged at intervals along
a 'y direction (which is an example of the second direction).
The x direction (which is an example of the first direction)
and the y direction (which is an example of the second
direction) are orthogonal to each other.

Each region between two first trenches 10 adjacent in the
second direction is denoted as an inter-trench region 30. A
plurality of the inter-trench regions 30 is disposed in the
semiconductor substrate 2. The plurality of the inter-trench
regions 30 is arranged along the second direction.

The plurality of the inter-trench regions 30 includes first
inter-trench regions 31 and second inter-trench regions 32.
Further, the plurality of the inter-trench regions 30 further
includes middle inter-trench regions 33 interposed in
between the corresponding first inter-trench region 31 and
the corresponding second inter-trench region 32. In the
present embodiment, a single middle inter-trench region 33
is disposed in between the corresponding first inter-trench
region 31 and the corresponding second inter-trench region
32. The second inter-trench region 32 is apart from the first
inter-trench region 31 in the second direction with the single

10

15

20

25

30

40

45

55

60

6

middle inter-trench region 33 interposed in between the first
inter-trench region 31 and the second inter-trench region 32.

In the plan view of the semiconductor substrate 2, the
second trenches 20 extend linearly along the y direction. The
plurality of the second trenches 20 is disposed in the
corresponding inter-trench regions 30. The plurality of the
respective second trenches 20 is respectively disposed in the
first inter-trench regions 31, the second inter-trench regions
32, and the middle inter-trench regions 33. In the inter-
trench regions 30, the plurality of the second trenches 20 is
arranged at intervals along the x direction. Each of the
second trenches 20 is connected to two first trenches 10
adjacent in the second direction. Both ends of each of the
second trenches 20 in the second direction are connected to
corresponding first trenches 10, respectively.

In each of the inter-trench regions 30, cell regions 40 are
disposed. Each of the cell regions 40 is defined by first
trenches 10 and second trenches 20. The cell regions 40 are
respectively disposed in each of the first inter-trench regions
31, the second inter-trench regions 32, and the middle
inter-trench regions 33. Each of the cell regions 40 is
surrounded by two first trenches 10 adjacent each other in
the second direction and two second trenches 20 adjacent
each other in the first direction. The plurality of cell regions
40 is disposed in the semiconductor substrate 2.

The emitter regions 61 are formed in a pair in each of the
cell regions 40 in the first inter-trench region 31 and the
second inter-trench region 32. Meanwhile, the emitter
regions 61 are not arranged in any of the cell regions 40 in
the middle inter-trench region 33.

As an example, an emitter region 6la and an emitter
region 615 disposed in a same cell region 40 herein forms
the pair. As shown in FIG. 5, the emitter regions 61a, 615
formed in the pair in each of the cell regions 40 are disposed
to face each other in the first direction. The pair of the
emitter regions 61a, 615 is aligned in the first direction. The
emitter regions 61a, 615 are disposed at positions that are in
contact with the corresponding second trenches 20. Specifi-
cally, one of the pair of the emitter regions 61a, 615, namely
the emitter region 6la, is in contact with one of the two
second trenches 20 defining the corresponding cell region
40. The other of the pair of the emitter regions 61a, 615,
namely the emitter region 615, is in contact with the other
of the two second trenches 20 defining the corresponding
cell region 40. Further, the emitter regions 61 are in contact
with both sides of each of the second trenches 20 in the first
direction. Meanwhile, none of the emitter regions 61 are in
contact with the two first trenches 10 defining the corre-
sponding cell region 40.

For use of the semiconductor device 1 thus configured, a
potential applied to the first gate electrodes 12 and the
second gate electrodes 22 is set to an on-potential. This
causes a channel to be formed in a range of the low density
body region 122 that is in contact with the first gate
insulation films 11 and the second gate insulation films 21.
Further, such a voltage that a back surface side becomes
positive is applied between the front surface electrode 6 and
the back surface electrode 7. This causes the IGBT to be
turned on. Once the IGBT is turned on, electrons flow from
the front surface electrode 6 to the back surface electrode 7
through the emitter regions 61, the channel formed in the
low density body region 122, the drift region 63, and the
collector region 64. Further, holes flow from the back
surface electrode 7 to the front surface electrode 6 through
the collector region 64, the drift region 63, the low density
body region 122, and the body contact region 121.
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In the semiconductor device 1 according to the first
embodiment, a pair of the emitter regions 61 is disposed in
each of the cell regions 40 in the first inter-trench region 31
and the second inter-trench region 32. One of the pair of the
emitter regions 61 is in contact with one of the two second
trenches 20 defining the corresponding cell region 40, and
the other of the pair of the emitter regions 61 is in contact
with the other of the two second trenches 20 defining the
corresponding cell region 40. Further, the emitter regions 61
are not disposed in the middle inter-trench region 33
between the first inter-trench region 31 and the second
inter-trench region 32. Such a configuration makes it pos-
sible to reduce a number of electrons flowing from the
emitter regions 61 to the drift region 63 as compared with a
conventional configuration. That is, if the emitter regions 61
are disposed in all of the plurality of inter-trench regions 30,
the number of emitter regions 61 is many. This causes an
increase in the number of electrons flowing from the emitter
regions 61 to the drift region 63. On the other hand, in the
configuration described above, the emitter regions 61 are not
disposed in the middle inter-trench region 33 between the
first inter-trench region 31 and the second inter-trench region
32. This makes it possible to suppress the number of
electrons flowing from the emitter regions 61 into the
semiconductor substrate 2. Further, in the configuration
described above, the pair of the emitter regions 61 is in
contact with the two second trenches 20 defining the corre-
sponding cell region 40, but is not in contact with the two
first trenches 10. Such a configuration makes it possible to
further reduce the number of electrons flowing from the
emitter regions 61 to the drift region 63 as compared with
the conventional configuration. That is, if the emitter regions
61 are disposed in contact with all of the two first trenches
10 and the two second trenches 20, a density of the emitter
regions 61 within the cell region 40 is high. This causes an
increase in the number of electrons flowing from the emitter
regions 61 to the semiconductor substrate 2. On the other
hand, in the configuration described above, the emitter
regions 61 are not disposed at positions that are in contact
with the two first trenches 10. This makes it possible to
suppress the number of electrons flowing from the emitter
regions 61 into the semiconductor substrate 2. Further, in the
configuration described above, the pair of the emitter
regions 61 is disposed, in an well-balanced manner, to make
contact with the two corresponding second trenches 20. This
allows electrons to flow from the emitter regions 61 into the
semiconductor substrate 2 in an well-balanced manner in the
cell regions 40. This as a result evens out the number of
electrons flowing in, thus making it possible to suppress
concentration of currents. For the reasons stated above, the
configuration described above makes it possible to improve
a breakdown resistance of a semiconductor device not only
by suppressing the total number of electrons flowing in from
emitter regions but also by preventing electrons from con-
centrating on a local region.

Further, according to the configuration described above,
the emitter regions 61 are not in contact with the first
trenches 10. This makes it easy for holes to accumulate in
the drift region 63 located in the middle inter-trench region
33. That is, if the emitter regions 61 are in contact with the
first trenches 10, it becomes easy for holes present around
the first trenches 10 to flow in a direction away from the first
trenches 10. This decreases a hole accumulation effect in the
middle inter-trench region 33. On the other hand, since in the
present embodiment, the emitter regions 61 are not in
contact with the first trenches 10, holes become difficult to
flow away from the first trenches 10, thus increasing the hole
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accumulation effect in the middle inter-trench region 33.
This as a result makes it possible to reduce an on-resistance
of the semiconductor device 1.

An embodiment has been described above, but specific
aspects are not limited to the embodiment described above.
In the following descriptions, components identical to those
described above are given the same reference signs and, as
such, are not described below.

(Second Embodiment)

In the embodiment described above, a single middle
inter-trench region 33 was disposed in between the first
inter-trench region 31 and the second inter-trench region 32.
However, the present disclosure may not be limited to this
configuration. In a second embodiment, as shown in FIG. 6,
a plurality of middle inter-trench regions 33 may be disposed
between the first inter-trench region 31 and the second
inter-trench region 32. At least one middle inter-trench
region 33 should be disposed between the first inter-trench
region 31 and the second inter-trench region 32. Such a
configuration also makes it possible to, while suppressing
local concentration of currents, suppress the number of
electrons that are implanted.

(Third Embodiment)

In the embodiment described above, the second trenches
20 are disposed in the middle inter-trench region 33 inter-
posed between the first inter-trench region 31 and the second
inter-trench region 32. However, the present disclosure may
not be limited to this configuration. In a third embodiment,
as shown in FIG. 7, the second trenches 20 may not be
disposed in a middle inter-trench region 33 interposed
between the first inter-trench region 31 and the second
inter-trench region 32. Such a configuration also makes it
possible to, while suppressing local concentration of cur-
rents, suppress the number of electrons that are implanted.

(Fourth Embodiment)

In the embodiment described above, both ends of each of
the second trenches 20 disposed in the middle inter-trench
region 33 interposed between the first inter-trench region 31
and the second inter-trench region 32 are in contact with first
trenches 10 adjacent each other in the second direction,
respectively. However, the present disclosure may not be
limited to this configuration. In a fourth embodiment, as
shown in FIG. 8, both ends of each of second trenches 20
disposed in the middle inter-trench region 33 interposed
between the first inter-trench region 31 and the second
inter-trench region 32 may not be in contact with the first
trenches 10 adjacent each other in the second direction,
respectively. In the middle inter-trench region 33 interposed
between the first inter-trench region 31 and the second
inter-trench region 32, each of the second trenches 20 is
spaced away from the first trenches 10. Such a configuration
also makes it possible to, while suppressing local concen-
tration of currents, suppress the number of electrons that are
implanted.

(Fifth Embodiment)

In the embodiment described above, the emitter regions
61 are formed in a pair in each of the cell regions 40, each
of which is surrounded by first trenches 10 and second
trenches 20. However, the present disclosure may not be
limited to this configuration. In a fifth embodiment, as
shown in FIG. 9, one emitter region 61 is disposed in each
of the cell regions 40. The one emitter region 61 extends
along the first direction. One end of the one emitter region
61 is in contact with one of second trenches 20 adjacent each
other along the first direction, and the other end of the
emitter region 61 is in contact with the other of the second
trenches 20 adjacent each other along the first direction.
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Such a configuration also makes it possible to, while sup-
pressing local concentration of currents, suppress the num-
ber of electrons that are implanted.

While specific examples have been described above in
detail, these examples are merely illustrative and place no
limitation on the scope of the patent claims. The technology
described in the patent claims also encompasses various
changes and modifications to the specific examples
described above. The technical elements explained in the
present description or drawings provide technical utility
either independently or through various combinations. The
present disclosure is not limited to the combinations
described at the time the claims are filed. Further, the
purpose of the examples illustrated by the present descrip-
tion or drawings is to satisfy multiple objectives simultane-
ously, and satisfying any one of those objectives gives
technical utility to the present disclosure.

Some of other features of the present disclosure will be
listed below. It should be noted that each of the features
listed below is independently useful.

In the above semiconductor device, the emitter regions
may be formed in a pair in each of the cell regions. One of
the pair of the emitter regions may be in contact with one of
the two second trenches defining the corresponding cell
region, and the other of the pair of the emitter regions may
be in contact with the other of the two second trenches
defining the corresponding cell region.

The plurality of inter-trench regions may include a plu-
rality of the middle inter-trench regions. At least one of the
second trenches may be disposed in at least one of the
middle inter-trench regions.

The emitter regions may be in contact with both sides of
each of the second trenches in the first direction in the first
inter-trench region and the second inter-trench region.

What is claimed is:

1. A semiconductor device including a semiconductor
substrate in which a semiconductor element is disposed, the
semiconductor device comprising:

a p-type body region disposed at one portion of the
semiconductor substrate in a cross sectional view of the
semiconductor substrate;

an n-type drift region disposed below the p-type body
region in the cross sectional view;

a plurality of n-type emitter regions separated from the
n-type drift region by the p-type body region and
exposed on an upper surface of the semiconductor
substrate;

a trench extending from the upper surface of the semi-
conductor substrate, piercing the p-type body region
and reaching the n-type drift region in the cross sec-
tional view, wherein the trench comprises, in a plan
view of the semiconductor substrate, a plurality of first
trenches extending in a first direction and arranged at
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intervals in a second direction intersecting the first

direction, and a plurality of second trenches extending

in the second direction and arranged at intervals in the
first direction;

a gate insulation film disposed on an inner surface of the
trench;

a gate electrode disposed in the trench;

a plurality of inter-trench regions, each of the plurality of
inter-trench regions being a region between two adja-
cent first trenches; and

a plurality of cell regions, each of the plurality of cell
regions being a region defined by two adjacent first
trenches and two adjacent second trenches,

wherein the plurality of inter-trench regions comprises:
a first inter-trench region;

a second inter-trench region separated from the first
inter-trench region by at least one of the inter-trench
regions being interposed in between in the second
direction; and

a middle inter-trench region interposed in between the
first inter-trench region and the second inter-trench
region,

the emitter regions are disposed in at least one cell
region in the first inter-trench region, are not dis-
posed in the middle inter-trench region, and are
disposed in at least one cell region in the second
inter-trench region, and

each of the emitter regions is disposed at a position that
is not in contact with the first trenches but is in contact
with the two second trenches defining the correspond-
ing cell region.

2. The semiconductor device according to claim 1,

wherein

the emitter regions are formed in a pair in each of the cell
regions,

one emitter region of each pair of the emitter regions is in
contact with one of the two second trenches defining
the corresponding cell region, and the other emitter
region of each pair of the emitter regions is in contact
with the other of the two second trenches defining the
corresponding cell region.

3. The semiconductor device according to claim 1,

wherein

the plurality of inter-trench regions comprises a plurality
of the middle inter-trench regions, and

at least one of the second trenches is disposed in at least
one of the middle inter-trench regions.

4. The semiconductor device according to claim 1,

wherein

the emitter regions are in contact with both sides of each
of the second trenches in the first direction in the first
inter-trench region and the second inter-trench region.
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